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s P®^ les ^?^ the western part of California, extending eastward 
to t le Siena Nevada, of very variable foliage, but compar¬ 
ative \ bioad-leaved. Indeed the rounded lower leaves are 
sometimes baiely 3-lobed, and the divisions commonly round- 
obovate or cuneiform. The typical form (the plant raised in 
e * etersburgh garden, from seeds gathered at the Ross 

o om -of which an original has been ohliirintrlv sent me 


L. • 1 v • bas been obligingly sent me 

or identification) has flowers as large as those of D. Men- 

ziesu. Other specimens agree with this ; but not rarely, both 

ni e fcort ein and ^southern districts, it is much smaller- 
flowered, and passes freelv into 

Var. patens, the D, -palais .. , , xxt4J 

a common form, with narrow leaf-lobes,* and 


Fhis is 

a narrower 


„„ a c , > "* l “ Utt “w leai-iooes, and a narrower 

• m T f ° sma H flowers, the pedicels in fruit ascend- 

r ^'. . ' , ' ou f 9 e taken tor a quite distinct species, except 

for the intermediate forms. 

in tul £ aU . Cif V? rum Nutt : rrhe ^Pe of this species occurs 

of PnW°rl y Mountains, from Wyoming and adjacent parts 

bor 1 of w° ,. a lo ’ aac ^ a slender form reaches the eastern 

V s - ash,ng, ° n Terri tory, and also California, where 

v . clepauperatum i U — 1 


Mptt cy ^ i cri to be D. depauperatum 

be r>nlv 1 a y. having broader leaf-lobes, may really 

ot oniv an attpmmto ~c r\ , ’ - . . 


«iona, Wiah and well VonrTed 'Z'^T 


Addi- 


Xuttallii. 


^ u .1 ^ V\ dll LtJV .1 • 

“D simnlov ” ~~ e \t° na ! Tle fl because in our herbarium it is 
with ffnimnop -° f utta * ^t is a moderately tall species, 

rin^ in l 100 ’ a PP arent Lv quite distinct in character 


occurring in 

o 


River ihnvp r S 1< J un fls along and near the Columbia 
SPs soetdmen H ender S „n. Suksdorf, etc. Nut- 

specimen is ticketed “ Columbia Plains ” 


of sucrose in 


On the caoses „f the variations in the contents 

Sorghum saccliaratu m. 

HARVEY W, WILEY. 

saccharatum in^espect^ of^ 66 ^ inv l e . s ? i 8 atin S the Sorghun 

of sugar. ac ^ a Pt^bility to the productior 


and these troubles 6 hate^aH 11 ? CUltles ,lave been encountered 

nave all been overcome with one exeep 
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tion. The chief obstacles to successful sugar making have 
been, first , unfavorable climatic conditions : second, imper¬ 
fect methods of extracting the sugar; third, improper treat¬ 
ment of the extracted juice; fourth, variations and rapid 
changes in the sucrose of the juice. All of these problems 
have been successfully solved save the last. It is proper to 
say, however, that certain methods of cultivation and certain 
methods of selecting seeds tend 10 produce maximum con¬ 
tents of sucrose in the cane and these methods are not yet 
fully developed. A proper conception of the variations to 
which the sucrose in sorghum is obnoxious can not be had 
unless we study brieliv the method of its formation, how it is 
stored and the physiological functions in which it takes part. 

Vegetable physiologists have taught 11s that a carbo- 

1. j! . w . | 4 ^ o ^ o m m 

nycirate can be lormed bv a certain retrogressive change in 
protoplasm, by which the cell envelope, in other words cellu¬ 
lose, is produced. The carbohydrates which appear in the 
embryo of a plant are developed at the expense of the stores 
of material in the seed. After the appearance of the chloro¬ 
phyll cells in the plant the production of carbohydrates takes 
place with their aid, C 0 2 being absorbed from the air and 
free oxygen being eliminated. 

It would be easy to explain the production of carbohydrates 
by supposing that the chlorophyll cell exerted a reducing 
influence 1 on the C 0 2 which, with the assimilation of water, 
produced, for instance, starch bv the formula 6C0 2 -j'5lI 2 0 
'-'cHioOj+Ojj. j n ti ie vast majority of plants it is found, 
in corroboration of this supposition, that the volume of the 
oxygen set tree is sensibly the same as the carbonic dioxide 
absorbed. The carbohydrate which is generally formed in 
the chlorophyll cells is starch. This starch is removed 
from the leaf, and it is supposed that the carbohydrates which 
are lormed in all parts of the plant are derived from this 

original substance. 

In point of fact, however, the production of organic mat¬ 
te 1 ' in a plant does not probably take place in the simple 
manner above described. It is more likely that the presence 

a nitrogenous body is necessary and this "proteid itself is 
tnc active principle of the production of new organic matter, 

a certain decomposition it sutlers, with the help of carbonic 
dioxide and water. Nor is it by any means certain that 



1 It has lately l»een stated that this reduction is due to the action of electricity on the 
e&f producing hydrogen—and this hydrogen is the active principle in the reduction of 
c carbonic dioxide. This statement nppears to be purely theoretical. 
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starch is the only organic matter formed by the chlorophyll 
ce s, in tact, it is known that oil is otten the product of this 

constructive and destructive metabolism. 

But it seems reasonable to suppose that the different 
sug«u s e as likely to be formed in the leaf of the plant as 
s ci. When we remember how easily starch is detected 
m most minute quantities and how easily sugar is missed 
even w en piesent in much larger quantities, vve do notwon- 
c er ;hat vegetable physiologists have supposed that starch is 

le .1 s ■ cat jo nd. ate formed in the leaf and that all the others 

aie < envec theiefrom. The explanation which is made of 

Kl^;- tl0n , 0( tht : starch tVom th e point of its formation to 

the localities where it is stored is as follows: 

l o a 'instance, the formation ot starch in the germ of ce¬ 


reals. 


• t. ^ ^.nisi lurmeci in me leaves 

r»i "'r Su ^ ai ilIu ^ ’ n soluble state carried through 

lopLT ' 1 ,s ,orming ’ is d ' an « e<r t(l s ‘ areh &* in 

thi *‘ heor y of the translation of starch to a 

which stnrrT a ^ eie are two only known methods by 

action ot' r J™ • f 0nverted into sugar, viz.: first, by the 

ferments ac K s ’ . and se cond , by the action of certain 

it i ments. 1 he conversion of starch ‘ 


^opmatiue and with the stronger acius is vci_> 
l * ncre dible that such a conversion can take 


slow. 


into sugar by acids even 
e stronger acids is very 


nl^rp it tk,. . .. v ~ ^ lUrtL siien a conv^ersion can taKe 

bv reason of tl -! nai > tem P era ture in the leaf of a plant and 

bie acids whichthe^lea^conH extren [ lel * v l diIute weak vegeta- 
be conceded o contains. In the same wav it must 

in the leaf i s n't K opportunity for the action of a ferment 
nd much ’o r ! X 6me y , llmited ‘ S Such action requires time 
livine“e r In 'f vorabI e pooditions than can be found in the 

eithe? of the 1 , • r lSe ", SU S ar be formed from starch in 

In fact thi r/,h " cou,(1 be sucrose. 

dorn starch sugar Tf mai't' "' ,ucl ‘ 1 s found in P>nnts is sel- 
to be a fact whi^u .1 * ma “°f e or dextrose. This appears 

ignored. The sugars V ^ e f abIe physiologists have entirely 

copper solution are either derived p’"* re<,ucc . i,n . a,kal ! n * 

_ aenved from sucrose by inversion 

*Meyer (Botanuche Ztitutift, 44 v OR R » - 

piHnt Is Incapable of fonrtlne starch r 1 ' ' '' ^ ia8 1 ‘itely shown that the leaf of ih« 

tiou to the fact that starch m»v not h/!'.i° sacrose * tttvulose, etc., and calls especial atten - 
*rh, whIch ' t n “ b ' ‘ h * formed. 

tonfralblnU, vol. u, p. pp.> Vn j y If ^ eei1 studied by Brasse and Schimper (Bled. 

PP- 310 and 173). It Is called amyta*. 
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or more probably are of independent formation. If they 
were derived trom starch they would show dextro- if from 
sucrose, laivo-gyration. In point of fact they often show 
neither, as I long ago pointed out when in view of this optical 
inactivity I proposed for them the name of anoptose. When 
they do show rotation, however, it is left-handed. 

It seems to me that there is one fact that the physiologists 
forget, viz ., that starch is not always insoluble. In my ex¬ 
aminations ol sorghum juices I have never failed to find 
soluble starch when I looked for it. The existence of bodies 
when first lormed in the soluble state, which when once 
made solid become insoluble, is not unknown. Certain forms 
of silica are illustrations of this. It seems much more reas¬ 
onable to suppose that in the case of the sorghum for instance 
the starch which appears in the seed is partly transferred 
directly from the soluble nascent state to the seat of its final 
deposition. This, indeed, is hardly a theory in the light of 
the fact mentioned above: that the sap of the plant always 
contains soluble starch. 


Led by the commonly accepted theory that the starch in 
the grain of cereals, etc., was formed from sugar, a few years 
ago some experiments were made to increase the sucrose in 
sorghum by cutting away the seed heads as they appeared 
and thus preventing the formation of starch. Two or three 
analyses w ere made and the results showed a large increase 
in the sucrose in those plants in which the formation of starch 
had been prevented. 

In 1885 I conducted some experiments on a large scale. 
About two acres of a sorghum field were selected. In each 
alternate row of the growing cane the seed heads were re¬ 
moved as they appeared. Numerous analyses were made 
of the canes from both kinds of row's. The result showed 
most conclusively that no marked increase of sucrose was 
noticed by reason of the prevention of the deposition of 
starch. It is far more simple to suppose that the sucrose 
which we find in sorjrhum is produced directly bv the de- 

4 ” XT mf + m 9 - 

composition of protoplasm in presence of carbonic acid. 
Provoked by the katalytic action of the chlorophyll cell. At 
any rate there is no sort of evidence that it is ever made from 
starch and no physiologist has ever invented any hypothetical 
saccharoplast to account for such a transformation. 

This subject of the origin of sucrose is of great interest 
nut I have not vet finished my experimental studies of it and 
80 ^11 not pursue it further at present. 
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L he question now arises is the sucrose of sorghum a plas¬ 
tic material, reserve material, or waste? In respect of plastic 
material it is sufficient to call attention to the fact that the 
development ot sucrose does not begin in the plant until it is 
tai on the road to maturity. To this it mav be objected that 
its accumulation does not begin until this period, and that 
what is formed earlier in its history is a really plastic mater¬ 
ial used in the development ot other tissues. Had I time 1 
might show. I think, conclusively, that the presence ot the 

sucrose as a plastic material is not probable. Is it a reserve 

material .'' The sucrose which is deposited in the seeds of 

pants, in tubers like the sugar beet, and in sugar-cane, 

c ou Jtless is a true reserve material and bv its decomposition 

ie jis the giowth ot the succeeding plant. But the sucrose 

in sorghum seems to have no such function. It can in no 

wav aid the incipient growth of the next plant, for that plant 

glows trom a seed. As far as any use in the economy ot the 

p ant is concerned, it appears to be absolutely worthless. It 

is true that in the case of “ suckering,” the sucrose in the 

_atie may suner loss, but “suckering 1 ’ is not always a nat- 

uia & row11, it is adventitious and is always detrimental to 
the proper maturity of a plant. 

It seems, thtiefoie, that the sucrose in sor<jhum is purely 

a waste material—as much so as an alkaloid or a resin. 

in cuo i ie . Cas ^ s where sucrose is a true reserve material, as 
dencv an< ^ sugar-cane, we find there is no ten- 




'L 1 . 0 disappear until the needs of the new plariS 
th(» enrro i sucrose remains, for instance, unchanged in 

Irue fn l 'f 1 Un 1 Ul the n . ew growth begins. The same is 

therefore ttf ^ C c ^ rce of ^ le sucrose in seeds. The fact, 
near in *, V#» ^ 1 m S °rsi ll,f n all traces o( sucrose mav disap- 

1 ' As r? if a r S Sh ? vvs that its offi ce is radically different, 
onment J « - ?. , m ' r ,nvestl gations I will say that the devel- 
ratber an advenf*f* e ,n sor ghum is an accidental function, or 

with the fornv t' 1 10ll ^ anct,on - It goes on usually pari passu 

"«tch in the grain anti tire content 


of MipivK,, .i i -r‘ VM 111 l,,e gram ana me cuuwx 

tlie time the starch 'f 1 ' :W< - lts . quamity i s a t a maximum at 

cane the „ h ,OTm «>«n !s completed. In the sugar- 

• SUCrose : ;PPfx t" !>.- not only reserv . hut also 

of sucrose is rmw'V. * *u u PP or P art of the cane the content 
region of mn«t .„-t;.. ! han , ,n the lowe » - showing that in the 


plastic material. 


resiion nfmnd .*• c ,u «ei. snowing tnat in im¬ 
position and help in ^ sucrose may suffer decom* 

'hat the only way ,n which the plant can use sucrose foi 
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the formation ot other bodies or tor working it into living tis¬ 
sues is by thus getting it into protoplasm.) On the other hand 
the content of sucrose in sorghum is sensibly the same in all 
parts ot the cane, being just as great at the top near the place 
ot most rapid starch storage, as it is near the base. It is not 
strange, therefore, it it be true that the production of sucrose 
is only the expression ot the exuberant vitality' of the leaf of 
the sorghum, that the greatest variations should be met with 
the content ot sucrose. These variations are not confined to 
different varieties or to different fields but are found in the 
same variety in different canes growing in the same hill, and 
which, therefore, have been subjected to precisely the same 
conditions ot culture and weather. 

In ten successive analyses of sugar beets made two years 
ago, I found no greater variation than one percent, in sucrose. 

I f! ^ im • aB 9 ! CL r » * % ^ few, * _ jS* ^ 

t lie same was true of ten successive analyses of sugar-canes 
I made last month, November, r886. On the other hand, 
any ten successive analyses of sorghum canes, made last 
October, will show a variation of six per cent. 

I have not the time here to cite all the instances I have 
noticed which illustrate the principles set forth above. They 
number hundreds. Without a record of these analyses, how¬ 
ever, the fact clearly appears that the chief cause of variation 
is found in the accidental or adventitious nature of the form¬ 
ation of the sucrose—in other words, its independence of the 
life history of the plant. When, however, the sucrose has 
once been formed, as in a mature cane, it is subject to sudden 

variations. 

foil owed bv 


Sudden changes in the weather, severe frosts, 

o 4 

\M | H | | llwarm weather, or simply standing dead ripe, 
often cause a rapid disappearance of the sucrose. It is first 
converted into invert sugar and this quickly disappears by 
fermentation. 

When the canes have been cut also, if they be expressed at 
a temperature of a warm September day, the sucrose is rap¬ 
idly inverted. This inversion is not due to the action of the 
acids which the sap contains, but is produced by a special 
ferment, probably inverting or some similar substance. 4 

These variations in the content of sucrose, are, as I inti¬ 
mated at the beginning, the chief obstacles now in the way 
pf the successful introduction of a sorghum sugar industry 
mto this country. The last one is easily avoided by promptly 
working the cane as soon as it is cut. The first one can 


4 DueIoux, Ooinpt. rend. 103, p. SRI, has shown that sunlight is capable of inverting a 

WSlflWHl of sucrose. 
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only be overcome by the scientific agronomist, aided by the 
best pi actical botany and chemistry. 

Since sending the above paper 'I have received the Revue 

mtiiioue . ot Febnuirv c mnto; n ,v„ .. _ .-,l. 


Scientipq 
observ; 
plants. 


rp» . . # I w 4 v,(U U^ll> U 1 (UC^ 111 

- 1118 author definitely confirms mv statements in re- 

spect oi the independent formation of sucrose in leaves. The 
reviewer says: 

“ Les experiences de M. A. Girard mettent bors de dome que its liml.es 
a riquent alors des saccharose et des sucres r^ducteurs.” 

<ir ^ 8 ! K)US , the possibility ot leaves developing starch 

re vp rs** 1 C 11 r’’ Ut there appears to be no evidence that the 
jeverse of this operation takes place. 


Notes on llnibelliferje of E. United States. II 


JOHN 


M. COLLTHK AM) ). .\. BOSK 


brofd^whi^d it fhe^r 11 - tr ° ngly flattened doraally 
l lateral .‘./J , '}\ W,th ? ^ rou P ? f strengthening cells, 1 th< 

_ * r ! c mt0 broad wings, distinrf from fhr>«p o 


('VITH PLATE II.) 


Fiuit strongly flattened dorsally 


the other 


oil-ducts 


WLCLIaa • ? S rou P of strengthening cells, 1 th 

",' rnfi w d mt0 br J ad wings, distinct from those o 
s onp > tr otmm £f . a d °uble-\vinged margin to the fruit 
commit several ,n the intervals or indefinite, 2 to i 

commissural sidp /fLro .. .ov 


on the commissural side (li<r S 
with ternately — y - s ' 


^ ^ * I i I vl 1 I 1 1 1 l V ^ ^ Lv/ A 

14—i<S).—.Stout perennial. 4 


nVinal umbef/ “ m P ou ^' leaves, large tei 

involucels *' - involucre, small mnnv.lpflvp 


Motli 


j , .- — involucre, small manv-leave 

°, r J^eenish flowers.—Incl. Arc Jut? 

Archangelica 


&A loZgeHca i,v Ma^'' ‘ .... 

■9- -'73- Th/onh ,S£JSSS?» Oull. Acad.. Hctcrsb 


Thp ftnii u ldXlm owicz, Bull. Acad., Petersb 
AntypltPQ C K ara i Ct j ,s serv * n J? to separate Archai 
in the interwflf whflp reak u° Wn * The number of oil-due 

T^ Ie “ UaU y ™e in Angelica, in Angelic 

is well in the dorsi 

hirsut 


i* c ~ v-iiuideters se 

f , a ( rom An gelica break down 
2 tl. 1 . 0 intervals, while usually one in 

intervals as in the . dl ’i. I 

the oil-ducts may be redurp’d ^ 6 10 Archan gelica - _ 

The generic relation to ( ! ne or two in the interval 

mined by any charartP^H^^^ °r tbese s pecies can be dete 

—k, y ^ y .. C ^^ dl -awn trom the oil-ducts, and pla 

^ / In January rr r. Z TTTr^ ------ . _! _ 


In January O ^ zpi xf t> 11 i \ • i —-_-, _ _ _ _ 

« !1 fm irtitSSSSteSl AhJ 


of 

ri’’Yvl Yyu’wnnttm, tin* last ^muiu. incomrastu 

’ m,ght bc “nutwood to refer to Conlo«eliiftiKf C rt iV y «*"«»Pic«oi« . 

w * u ^ ,n " ,m It refen to Angelica. 













